It is now well established that globular clusters (GCs) exhibit star-to-star light-element abundance variations (known as multiple stellar populations, MPs). Such chemical anomalies have been found in (nearly) all the ancient GCs (more than 10 Gyr old) of our Galaxy and its close companions, but so far no model for the origin of MPs is able to reproduce all the relevant observations. To gain new insights into this phenomenon, we have undertaken a photometric Hubble Space Telescope survey to study clusters with masses comparable to that of old GCs, where MPs have been identified, but with significantly younger ages. Nine clusters in the Magellanic Clouds with ages between ∼ 1.5-11 Gyr have been targeted in this survey. We confirm the presence of multiple populations in all clusters older than 6 Gyr and we add NGC 1978 to the group of clusters for which MPs have been identified. With an age of ∼ 2 Gyr, NGC 1978 is the youngest cluster known to host chemical abundance spreads found to date. We do not detect evident star-to-star variations for slightly younger massive clusters (∼ 1.7 Gyr), thus pointing towards an unexpected age dependence for the onset of multiple populations. This discovery suggests that the formation of MPs is not restricted to the early Universe and that GCs and young massive clusters share common formation and evolutionary processes.
stars in a given cluster having the same age and initial elemental abundances, within some small tolerance. However, observational evidence collected in the last decade has conclusively demonstrated that GCs host multiple populations (MPs) of stars, which manifest in the form of distinctive star-to-star light element variations. While some GC stars have the same C, N, O, Na abundances as field stars with the same metallicity (i.e., iron content), a significant fraction of cluster members show systematically enhanced N and Na along with depleted C and O (Cannon et al. 1998; Carretta et al. 2009 ). Almost all old (> 10 Gyr) and massive (above a few times 10 4 M ) GCs in the Milky Way (Piotto et al. 2015) and nearby galaxies (Mucciarelli et al. 2009; Dalessandro et al. 2016; Niederhofer et al. 2017b; Larsen, Brodie & Strader 2012) have been found to host star-to-star chemical anomalies.
Multiple models for the origin of MPs have been put forward. In the most popular MP formation models, a second generation of stars is formed from the ejecta of massive stars from a first generation, diluted with some amount of unprocessed material with pristine composition. While the stellar sources for enrichment are different in different scenarios (Decressin et al. 2007; D'Ercole et al. 2008; de Mink et al. 2009 ), none of the proposed models is able to reproduce the main observational properties of MPs without making ad hoc assumptions (Bastian, Cabrera-Ziri & Salaris 2015) . We still lack a self-consistent explanation of the physical processes responsible for the MPs phenomenon as well as an understanding of which (if any) cluster properties controls whether a GC will host chemical anomalies or not.
While MPs are commonly detected in massive and old clusters, light elements variations are not found in clusters of comparable age but lower mass (e.g., E3, which has a mass of 10 4 M , Salinas & Strader 2015) . Such evidence led many authors to suspect cluster mass as the key parameter controlling whether a GC will host MPs (Gratton, Carretta & Bragaglia 2012) . Nonetheless, the lack of chemical spreads in relatively young (∼ 1−2 Gyr, Mucciarelli et al. 2014 ), but still massive (few times 10 5 M ) clusters suggests a potentially more complex cause. It has even been proposed that the ancient GCs are intrinsically different from the young clusters with similar masses, as only ancient GCs have been found to host MPs (Carretta et al. 2010) .
It is important to stress here that chemical MPs detected in clusters older than 6 Gyr are intrinsically different from the multiple populations associated with the extended main sequence turn-offs (eMSTO) detected in the large majority of clusters younger than 2 Gyr (e.g. Milone et al. 2009 ). In the latter, no star-to-star abundance variations in light elements have been found (e.g. Mucciarelli et al. 2008 Mucciarelli et al. , 2014 . Instead, the spread in colours in the turn-off region observed in their colour-magnitude diagrams (CMDs) may be likely due to stellar rotation (Bastian et al. , 2017 .
We present here results from our Hubble Space Telescope (HST) photometric survey. This consists in HST UV observations of 9 star clusters in the Magellanic Clouds (MCs). All clusters have similar masses ( 10 5 M ) but span a wide range of ages (from 1.5 up to 11 Gyr). The main goal of our survey is to test whether MPs are exclusively found in ancient GCs, and hence, to shed light on the physical property that controls the onset of MPs.
To date, our survey has demonstrated that MPs are present in all clusters older than 6 Gyr (Niederhofer et al. 2017b,a) ; however, they were not detected in a ∼ 1.5 Gyr old cluster (NGC 419, Martocchia et al. 2017) . We report here the final results from our survey by adding the four remaining clusters, namely NGC 1978, NGC 1783, NGC 1806, and NGC 1846, to our analysis. We will show that multiple populations are present in the red giant branch (RGB) of the ∼ 2 Gyr Large Magellanic Cloud (LMC) cluster NGC 1978. This is the youngest cluster found to host chemical anomalies so far. On the contrary, we report no detection of MPs for the younger LMC clusters, the ∼ 1.7 Gyr old NGC 1783, 1806 and 1846. This paper is organised as follows: in §2 we will report on the photometric reduction procedures for NGC 1978, while we outline the analysis used to quantify the detection of MPs in §3. In §4 we present the results from our HST survey. Section §5 provides a description of our stellar atmospheres models and their comparison with NGC 1978 data. We discuss our results in §6. We will present the detailed analysis of the younger clusters NGC 1783, 1806 and 1846 in a follow-up paper.
OBSERVATIONS AND DATA REDUCTION
The photometric catalogue of NGC 1978 was obtained through HST observations from our ongoing survey (GO-14069 program, PI: N. Bastian, Niederhofer et al. 2017b ). We used three new filters, i.e. F336W, F343N and F438W (WFC3/UVIS camera), and we complemented our analysis with archival observations in F555W and F814W filters (ACS/WFC, GO-9891, PI: G. Gilmore).
As thoroughly discussed in previous papers (Niederhofer et al. 2017b,a) , the adopted UV filters (F336W, F343N and F438W) are sensitive to elements associated with MPs (mainly N, and C to a lesser degree), as they include strong NH, CN, and CH molecular absorption features within their passbands. MPs are identified by observing splits or spreads at different stellar evolutionary stages in high-precision CMDs constructed using photometry with the adopted filters (Sbordone et al. 2011) .
The UV WFC3 dataset consists of three images for the The images have been processed, flat-field corrected, and bias-subtracted by using the standard HST pipeline (f lc images). Pixel-area effects have been corrected by applying the Pixel Area Maps images to each image. We also corrected all images for cosmic rays contamination by using the L.A.
Cosmic algorithm (van Dokkum 2001).
The photometric analysis has been performed following the same strategy as in Dalessandro et al. (2014) . Briefly, we used DAOPHOTIV (Stetson 1987 ) independently on each camera and each chip. We selected several hundreds of bright and isolated stars in order to model the point-spread function (PSF). All available analytic functions were considered for the PSF fitting (Gauss, Moffat, Lorentz and Penny functions), leaving the PSF free to spatially vary to the firstorder. In each image, we then fit all the star-like sources with the obtained PSF as detected by using a threshold of 3σ from the local background. Next, we took advantage of ALLFRAME (Stetson 1994) to create a star list by starting with stars detected in at least three images for the U band and four images in the U n and B bands (one image for V and I filters). The final star lists for each image and chip have been cross-correlated by using DAOMATCH, then the magnitude means and standard deviation were obtained through DAOMASTER. The final result consists in a catalogue for each camera. We exactly repeated each step in the above photometric analysis by using a third-order spatial variation for the PSF, as an additional check for the quality of the PSF and, hence, to strengthen our results. No significant changes were detected by comparing the photometric catalogues with different PSF spatial variation. However, we decided to perform the analysis on the catalogue where the PSF was left free to spatially vary to first-order, as PSF residuals were lower in such an analysis.
Instrumental magnitudes have been converted to the VEGAMAG photometric system by using the prescriptions and zero-points reported on the dedicated HST web-pages. Instrumental coordinates were reported on the absolute image World Coordinate System by using CataXcorr 1 . The WFC3 catalogue was combined with the ACS by using the same CataXcorr and CataComb. We finally selected stars based on quality parameters provided by DAOPHOT, i.e. chi, sharpness and errors on magnitudes. Stars in the final catalogue are selected having |sharp| < 0.15 and chi < 3, errors on U and U n lower than or equal to 0.05 and errors on B 0.3.
In order to select cluster members, we defined an ellipse region centred in the centre of the cluster with semimajor axis of 1200 pixels and ellipticity =0.25 2 . It is indeed wellknown from previous studies (Geisler & Hodge 1980; Mucciarelli et al. 2007 ) that NGC 1978 shows a non-negligible ellipticity. Then, we defined a background reference region having the same area as the cluster region in order to statistically subtract field stars from the cluster CMD in U −B vs. B space. We removed the closest star in colour-magnitude space in the cluster region, for each star in the background region. Fig. 1 shows the V − I vs. V CMD of NGC 1978 before (left panel) and after (right panel) the field star subtraction. . From a first inspection, the CMDs show a visible splitting in the lower RGB, plus a broadened width of the RGB when compared to the observational errors. The median of errors in colour and magnitude is reported on the right side of both figures as red filled circles in bins of ∼ 0.2 mag. We will discuss in the next Section ( §3.2) how we carried out the analysis in order to explain these features as chemical variations of C and N, i.e. as the presence of a second stellar population in the young cluster NGC 1978. We stress here that the observed red sequence in the RGB survived after decontamination from field stars.
The Red Giant Branch
Our goal is to conservatively select RGB cluster members, in order to search for evidence of MPs. While optical colours are not sensitive to star-to-star C, N, O abundance variations, they can be extremely useful for selecting a clean sample of RGB stars. We thus made the first selection in B − I vs. I CMD and a second one in V − I vs. I CMD. Finally, we made a last selection in the U n − B vs. B CMD, as a few objects were scattered far off the RGB. Fig. 3 shows the U n − B vs. B CMD of NGC 1978 with the final selected RGB stars marked as black filled circles.
We defined a fiducial line on the blue edge of the RGB in the U n − B vs B CMD and this is displayed in the left panel of Fig. 3 as a solid red line. Next, we calculated the distance in U n − B colours of each RGB star from the fiducial line, ∆(U n − B). We show the histogram of the distribution in ∆(U n − B)colours in the top right panel of Fig. 3 . We also derived the kernel density distribution (KDE) from a Gaussian kernel. This is shown in the top right panel of Fig. 3 as a thick red curve. The KDE reveals both broadening and asymmetry in the distribution, along with the presence of a bump for ∆(U n − B) 0.06. Hence, we adopted ∆(U n − B)= 0.07 as the verticalised colour to separate the first population of stars (FP) from the second population (SP). This separation is represented with a black vertical dashed line in the top right panel of Fig. 3 . The bottom right panel of Fig. 3 shows the ∆(U n − B)colours vs. B, where FP are represented with blue filled circles while SP are represented in red. The red dashed vertical line marks the adopted fiducial line. We find that the SP represent 18% of the total selected RGB stars.
In order to verify that this broadening is due to the presence of multiple populations and not to photometric errors or field stars, we performed several tests.
As stressed in §2, we derived our final photometric catalogue by selecting stars based on photometric quality indica- tors. We additionally checked the quality of our photometry by comparing the average errors of the two populations in U n − B colours, with both having a mean error of ∼ 0.025. Then, we investigated whether a more severe selection based on photometric errors (see §2) might invalidate our results. We selected bona-fide stars by applying a sigma-rejection in the error versus magnitude diagrams (U , U n and B) of our original catalogue. We derived the median values in bins of 0.5 mag for each diagram and excluded stars in each bin at more than 3σ from the median. We repeated the same analysis with 1σ and 2σ cuts. Our results stay unchanged and the SP sequence never disappeared.
In Fig. 4 we plotted the FP (blue filled circles) and SP (red filled circles) in several colour-magnitude spaces. Panel A shows the U n − B vs. B CMD of NGC 1978. SP stars follow a red sequence on the RGB while FP stars follow a blue sequence, as expected from their selection. Panel B shows the U − B vs. B CMD, panels C and D show the U n − V vs. V and U − V vs. V and, lastly, panels E and F show the U n − I vs. I and U − I vs. I CMDs, respectively. We defined a fiducial line for the selected RGB stars in the U − B vs B, U − V vs V and U − I vs I CMDs. These are displayed as black solid lines in panels B, D and F of Fig. 4 . We then calculated the distance of each RGB star from the fiducial line to obtain the ∆(U −B), ∆(U −V ) and ∆(U −I) verticalised colours. In the insets of panels B, D and F of Fig. 4 , the histograms of the distribution in ∆(Colours) of the FP (gray) and SP (black) stars is shown. The blue (red) thick curve represents the KDE for the FP (SP) stars. Note that the FP and SP sequences were selected in the U n−B vs. B CMD. In all panels, the distribution of FP presents a clear offset from the SP, with the FP sequence bluer and the SP redder. In the right panels, this was specifically highlighted by showing the ∆(Colors) distributions, where the peak of the FP KDE is clearly shifted with respect to the peak of the SP KDE. To quantify this, we performed the Kolmogorov-Smirnov (KS) test between the FP and SP stars distributions in the three ∆(Colours), in order to understand if they are consistent with having been sampled from the same parent distribution. We derived p-values < 10 −10 for all three ∆(Colours), thus demonstrating that the distributions are indeed different. This clearly points toward a chemical effect, as errors on B (WFC3/UVIS) are completely independent from errors on V and I (ACS/WFC). We note that the selection of FP and SP stars was made in the U n − B vs. B CMD so the U − V vs. V and U − I vs. I CMD are completely independent measurements. Fig. 5 shows the V −I vs. I CMD of NGC 1978 with FP (SP) superimposed as blue (red) filled circles. We performed the same analysis as in the UV CMDs (see Fig. 4 ) and we show the histograms of the distribution for FP (in gray, blue KDE) and SP (black, red KDE) stars in ∆(V − I) colours in the inset of Fig. 5 . In this combination, as expected given the lack of sensitivity to MP in these filters, , the two sequences are well mixed, showing no signs of systematic offsets. This is confirmed by the KS test, which returns a p-value = 0.73.
Finally, we report on how the two populations are distributed as a function of radial distance from the centre of the cluster. Fig. 6 shows the normalized cumulative radial distribution of the primordial (blue solid line) and enriched (red dashed line) populations. We found that the second population is more centrally concentrated than the FP up to a distance of ∼ 50" from the cluster centre. We performed the KS test on the two population radial distributions. The probability that they belong to the same parent distribution is relatively low, being < 1%. This test statistically shows that the two radial distributions are likely different. Additionally, the evidence for the SP to be centrally concentrated reinforce the cluster membership of the red sequence stars. We also corrected our photometric dataset for differential reddening (DR) and we repeated the exact same analysis. All results stay unchanged. For more specific details on the DR correction procedure, we refer interested readers to Niederhofer et al. (2017a); Martocchia et al. (2017) .
It might be argued that the SP sequence is composed of evolved binaries on the RGB, due to the likely presence of a large number of blue stragglers in NGC 1978 (see Fig. 1 ). However, evolved blue straggler stars (BSS) should instead be slightly bluer in colour than the RGB, according to Sills, Karakas & Lattanzio (2009) , where they assumed that blue stragglers were formed through stellar collision. This is not compatible to what we observe, as the SP distribution of stars is well overlapped to the FP sequence in the V − I vs I CMD (Fig. 5) . Additionally, Tian et al. (2006) looked at BSS formed via mass transfer rather than collision. As pointed out by Sills, Karakas & Lattanzio (2009) , their evolutionary tracks of the BSS are comparable to normal stars after the mass transfer occurred. Thus, the same condition mentioned above must apply.
All tests point towards the conclusion that MPs are detected in the RGB of NGC 1978. To date, this is the youngest cluster hosting chemical abundance anomalies.
The same analysis reported in this Section was performed on the younger clusters in our sample (namely, NGC 419, 1783, 1806 and 1846). On the contrary, we found no clear evidence for MPs in their RGBs. The detailed analysis of the younger clusters will be reported in a forthcoming paper. We will report the global results from our HST survey in the next Section ( §4).
HST SURVEY RESULTS
The CUBI pseudo-colour (defined as (U − B)−(B − I)) has been shown to be very effective at unveiling multiple sequences on the RGB (Dalessandro et al. 2016; Monelli et al. 2013) . Here, we take advantage of a similar pseudo-colour, known as CUnBI ≡(U n−B)−(B−I), to provide a direct and quantifiable comparison between all the clusters in our survey. Additionally, these pseudo-colours do not have a strong dependence on the effective temperature of stars, such that the RGB is almost vertical in the diagram, i.e. splittings are more easily discernible in this combination and are also largely independent of potential spreads in He (Martocchia et al. 2017) . We finally exploit CUnBI to compare our data with stellar atmosphere models in §5.
We adopted the same analysis for each cluster. RGB stars have been selected in three CMDs of each cluster to establish membership. Figure 7 shows the V − I vs. I CMDs for all the targeted clusters in our survey. Blue filled circles represent the RGB stars which passed all three selections. We defined the selection by choosing stars in the lower RGB, which are fainter than the RGB bump (to avoid chemical mixing due to stellar evolutionary effects). We verticalised Next, we fit the unbinned verticalised ∆CUnBI data with Gaussian Mixture Models (GMMs, see Fig. 9 , where we also plot the binned ∆CUnBI distribution for visual representation) to identify the presence of multiple Gaussian components in the colour distribution, hence two or more populations with different N abundance. We fit the data with the SCIKIT-LEARN python package called MIXTURE 3 , which applies the expectation-maximization algorithm for fitting mixture-of-Gaussian models. In order to determine the number of Gaussians which best reproduce the data, we adopted the Akaike Information Criterion (AIC, Akaike 1974 with 2 components, while only one component is found for NGC 419, 1783, 1806 and 1846 (see Fig. 9 ).
The final result is that all clusters older than 2 Gyr show multiple Gaussian components in the fit, i.e. MPs are present, while all clusters younger do not. We then defined δ RGB (CUnBI) as the difference between the means of the two main Gaussian components in the ∆CUnBI distribution. This gives a robust indication on the level of N enrichment present in clusters which host MPs. Errors on δ RGB (CUnBI) were calculated with a bootstrap technique based on 5000 GMMs realizations. We set δ RGB (CUnBI) of clusters which do not show MPs to zero.
Although statistically less likely, to be as conservative as possible, we forced the GMM procedure to fit the onegaussian component data with two Gaussian distributions. For NGC 1806 and NGC 1846 the fit yields two almost overlapped gaussians, resulting in δ RGB (CUnBI) < 0.01. In these two cases, we considered the standard deviation of the single Gaussian as upper error on δ RGB (CUnBI) . For NGC 419 and NGC 1783 the fit finds a separated second Gaussian component, with δ RGB (CUnBI) ∼ 0.04, which was used as upper error on δ RGB (CUnBI) . In order to establish the statistical significance on the second Gaussian component for NGC 419 and NGC 1783, we calculated the errors on the normalisation factor with 5000 bootstrap realisations. The normalisation was found to be consistent with zero for both clusters. Finally, in Table 1 , we also report for each cluster the probability that a bimodal distribution is rejected, which is in agreement with previous studies (Niederhofer et al. 2017b,a; Martocchia et al. 2017) . This was obtained with a parametric bootstrap technique by using the GMM code by Muratov & Gnedin (2010) . It is worth noting that the GMM fitting method was not adopted in order to demonstrate that MPs are detected or not in a given cluster. It was just used as a confirmation of our findings. MPs are primarily detected by selecting samples in the U n−B vs. B CMD and by examining where they order in the different filter combinations.
We plot δ RGB (CUnBI) as a function of cluster age in Fig. 10 for all our targets. Deviations from zero, indicating N enrichment, are observed for all clusters older than ∼ 6 Gyr, confirming our earlier results (Niederhofer et al. 2017b,a; Hollyhead et al. 2017) . Conversely, the narrow RGB in the CUnBI vs. B CMD would exclude the presence of significant nitrogen star-to-star variations in the youngest clusters of our sample, namely NGC 419, 1783, 1806, 1846, with ages of ∼ 1.5 − 1.7 Gyr (see also Martocchia et al. 2017 ). Finally, strong evidence for MPs is also found for the first time in the 2 Gyr old cluster, NGC 1978. This finding suggests that age is playing a pivotal role in controlling the presence of MPs, as chemical anomalies are detected in all massive clusters older than 2 Gyr while they are lacking at younger ages.
However, it is possible that a certain level of N enrichment (smaller compared to the older clusters) is still present in the younger clusters, which cannot be seen due to observational uncertainties and contamination from field stars (see §5.2 and Martocchia et al. in prep.) . Despite this, the main results from this work stay unchanged: we report an unexpected age effect on the onset of MPs. We note that if N-spreads like those observed in the ancient GCs (or those in the 2-8 Gyr old clusters) were present in the clusters younger than 2 Gyr, they would have been readily detected. (2005); (2) 
MODELS FOR THE CHEMICAL ANOMALIES
In this Section, we describe how we calculated stellar atmosphere models with different levels of chemical enrichment and we report comparisons with the observations.
Cluster age, metallicity and extinction
We compared MIST isochrones (Dotter 2016; Choi et al. 2016) to our data to obtain an estimate of age, metallicity, distance modulus (M − m) and extinction values. For NGC 1978, we found that the MIST parameters which best match the data and the isochrones are: (i) log(t/yr) = 9.35 (t ∼ 2.2 Gyr), (ii) [Fe/H] = −0.5, (iii) M − m = 18.5, (iv) E(B − V ) = 0.07. The selected isochrone is superimposed on the V − I vs. V CMD of NGC 1978 in Fig. 1 as a red solid curve. (Mucciarelli et al. 2007 ) report an age of t = 1.9 ± 0.1 Gyr for NGC 1978 by using several sets of different isochrones (Padua, BaSTI, PEL). Our slightly different choice of age might be due to the different set of isochrones used in this work, i.e. MIST isochrones. However, with this work we do not aim at providing an improved estimate of the age of NGC 1978. We rather need to obtain a reliable MIST isochrone fit to our CMD data, as we will use these values as input for MIST models to develop our synthetic photometry. However, as it is clear from Fig. 1 , our isochrone does not perfectly match data on the Main Sequence or the Main-Sequence Turnoff (MSTO). Indeed, in adopting MIST isochrones, we were not able to match perfectly data for all evolutionary stages with any parameters combination. Nonetheless, this issue is somewhat irrelevant for our studies, since we will focus on the RGB stage.
Comparison with stellar models
We calculated synthetic photometry from model atmospheres with different levels of chemical enrichment, in order to compare them with our photometric data. We used version 1.0 of the MIST isochrones (Choi et al. 2016 ) with an age of 2.2 Gyr and a metallicity of [Fe/H] = −0.5 to provide input parameters for our model atmospheres (see §5.1).
Model atmospheres and synthetized spectra were calculated with ATLAS12 (Kurucz 1970 (Kurucz , 2005 and SYNTHE (Kurucz & Furenlid 1979; Kurucz & Avrett 1981) . We used (i) line lists for the atomic data as Larsen, Brodie & Strader (2012) and Larsen et al. (2014) , (ii) PYTHON wrappers for AT-LAS12 and SYNTHE as used by Larsen, Brodie & Strader (2012) , and (iii) the solar abundances adopted by Asplund et al. (2009) for the stellar atmospheres calculations. We refer the interested reader to Martocchia et al. (2017) , for more details about the models. We adopted three chemical mixtures. Marino et al. 2016) . For each of these chemical mixtures we kept the helium abundance (surface Y = 0.248) constant and all other abundances fixed at solar. We also assumed that the model atmospheres had the same chemical abundances at all stellar evolutionary stages. We then integrated our model spectra over the filter transmission curves for WFC3
4 and ACS/WFC 5 and used the zeropoints provided on each instrument's website to calculate Vega magnitudes. We directly compare our models to the data.
We exploited the CUnBI pseudo-colour to give an estimate of the level of nitrogen enrichment for the SP stars when MPs are detected and to provide an upper limit where MPs are not detected. Fig. 11 shows the CUnBI vs. B CMD of NGC 1978, with a zoom in the RGB region. The black solid, dash-dotted, dashed curves represent isochrones for the three chemical mixtures described above, respectively. Blue (red) filled circles mark the selected FP (SP) RGB stars. Fig. 11 shows that the [N/Fe]= +0.5 dex and [N/Fe]= +0.3 dex models are almost completely overlapped, with [C/Fe] and [O/Fe] abundances depleted in the former but kept solar in the latter. This means that we expect the same spread on the RGB with a different combination of C and N, i.e. there is a degeneracy between C and N abundances. Unfortunately, a reliable measure of N enrichment by comparing the observed CUnBI vs. B CMDs with the models cannot be given, as no spectroscopic measurements of chemical abundances are currently available for this cluster. However, we can still provide a rough estimate, by assuming that MPs in younger clusters are the same as those of ancient GCs, i.e. an enhancement in N is associated with a depletion in C (Cannon et al. 1998 cannot exclude the presence of a slight N variation due to observational uncertainties and decontamination from field stars (see §4). If we assume a [N/Fe] ∼ +0.5 dex for NGC 1978, then we can set an upper limit to any enrichment in the younger clusters (NGC 419, 1783 (NGC 419, , 1806 (NGC 419, , 1846 of [N/Fe]< +0.3 dex.
DISCUSSION AND CONCLUSIONS
In this paper, we reported the photometric analysis of new and archival HST images for the LMC cluster NGC 1978 as well as the results from the remaining clusters in our sample. For NGC 1978, the U − B vs. B and U n − B vs B CMDs revealed hints of a splitting in the lower RGB. Additionally, the RGB showed a broadened width compared to the observational errors (Figs. 2 and 3) . We selected RGB stars in three different CMDs and used the U n − B vs. B CMD to separate the FP from the SP stars. We plotted the FP and SP sequences in several UV CMDs and in all of them, the distribution of FP shows an offset from the SP, with the FP sequence bluer and the SP redder, on average (Fig. 4) . This does not occur when considering optical CMDs (Fig.  5) . We also showed that the SP stars present in NGC 1978 is more centrally concentrated than the FP stars (Fig. 6 ). This strongly confirms cluster membership for the red-sequence stars, as well as the likelihood that they are indeed the product of separate chemical evolution from the FP stars, as SP stars are almost always found to be more centrally concentrated than FP stars. We can then conclude that MPs are detected in the RGB of NGC 1978, which is ∼ 2 Gyr old and has a mass of 2 − 4 × 10 5 M . This is the youngest cluster found to host star-to-star abundance variations so far. Future observations to determine if Na (and Al, O, etc...) 0.2 dex or less. We also revealed that MPs are not instead detected in the RGB of the younger clusters in our survey, namely NGC 1783, 1806, 1846. We will present their detailed analysis in a forthcoming paper. We then presented the global results from our HST photometric survey. We took advantage of the CUnBI colour combination in order to compare all the clusters in our survey( §4 and Figs. 9, 10). All clusters older than 2 Gyr host MPs, while chemical anomalies are not detected in those younger than this age. This firmly suggests that there is an age effect in the onset of multiple populations.
We also developed stellar atmosphere models for the chemical anomalies. We exploited CUnBI to give a rough estimate of the level of N enrichment for the SP stars when MPs are detected and to provide an upper limit where MPs are not detected. We reported a N enrichment for NGC 1978 of [N/Fe] ∼ +0.5 dex. Comparing NGC 1978 with the younger clusters, we can set an upper limit to any enrichment in the younger clusters (NGC 419, 1783 (NGC 419, , 1806 (NGC 419, , 1846 of [N/Fe]< +0.3 dex ( §5).
In Fig. 12 we plot a summary of our HST survey as well as results taken from the literature. We also add here the results for the ∼6.5 Gyr old SMC cluster Kron 3 (Hollyhead et al. 2017, submitted) , where MPs have been spectroscopically identified. All of the clusters in our HST survey have masses in excess of ∼ 10 5 M , e.g. the mass for which MPs are almost always found in ancient GCs, but we detect MPs only in clusters older than ∼2 Gyr.
Taken at face value, this suggests that some mechanism operating only in stars less massive than 1.5 M (the mass of a RGB star at ∼2 Gyr) may be responsible for the onset of MPs. Note in Fig. 12 that there is one cluster older than 2 Gyr where MPs were not detected. This is Berkeley 39, which is a low-mass cluster (∼ 10 4 M ). Clearly, age is not the only controlling parameter, cluster mass must also come into play, as well as environment might contribute. Future work will be needed to consider the impact of environment on MPs, as a significant factor shaping the amount of chemical anomalies in clusters. Conversely, Ruprecht 106 and IC 4499 are two old clusters (> 12 Gyr) where the presence of MPs is still under debate, with preliminary studies suggesting that MPs may not be present (Villanova et al. 2013; Walker et al. 2011) . Also, the presence of MPs is still unknown for other two relatively old clusters, namely Terzan 7 and Pal 12 (7 − 9 Gyr), as only a few stars (less than 5) have light element abundance measurements (e.g. Cohen 2004 ).
The dependence of light element variations on age is not predicted by any model that has been proposed to explain the formation and evolution of MPs. All self-enrichment models share the notion that a cluster will show MPs only if its mass is larger than a given threshold, i.e. only the most massive clusters should be able to retain the enriched ejecta of a first generation of stars (and accrete new material) to form a second generation. Hence, these models predict that clusters massive enough in the local universe should be undergoing multiple epochs of star-formation, in contradiction with observations (Bastian et al. 2013; Cabrera-Ziri et al. 2014) . More recent versions have attempted to address this issue by invoking special conditions in the early Universe, at redshifts above z formation ∼ 2 (D'Ercole, D'Antona & Vesperini 2016). However, the discovery of chemical anomalies in NGC 1978 (z formation = 0.17) leads to the conclusion that the onset of MPs cannot be limited to the high-z Universe.
The data presented here tentatively suggest that MPs may be due to a stellar evolutionary effect not yet recognized in standard evolution models. This effect would need to only efficiently operate in stars within massive/dense stellar clusters. NGC 1978 is currently the youngest cluster for which detection of MPs have been reported. At this age (∼2 Gyr), the sampled stellar mass in the lower part of the RGB is slightly lower than 1.5 M while it is ∼1.55 M at 1.7 Gyr, i.e. the typical age of the young surveyed clusters where MPs are not found. One potentially important change in this very narrow mass range is that stars above ∼1.5 M do not typically possess strong magnetic fields, whereas stars below this mass do. This can also be related with stellar rotational properties, as stars with strong magnetic fields can be magnetically braked, leading to slow rotation rates, whereas stars with weak magnetic fields can remain rapid rotators (e.g. Cardini & Cassatella 2007) . Additionally, we observe the eMSTO in the optical CMD of clusters younger than 1.7 Gyr (NGC 419, 1783 (NGC 419, ,1806 (NGC 419, , 1846 , while we do not observe such a feature in the ∼ 2 Gyr old NGC 1978 (see Fig. 7 ), where the mass of the lower RGB and MSTO stars has decreased below 1.5 M . If the phenomenon is related to stellar rotation and/or magnetic fields, it is worth noting that the rates of stellar rotation are linked to the cluster mass, i.e. rotation can cause environmentally dependent stellar evolutionary effects 6 . Another intriguing consequence of such an interpretation may be the expected presence of chemical anomalies in stars with masses below 1.5 M on the MS of the young clusters. Furthermore, one immediate implication, to account for the rare objects with M < 10 5 M seen in Fig. 12 that have ages older than 2 Gyr but no MPs, is that the global properties of a cluster (such as its mass, or initial angular momentum) can, under certain circumstances, influence the properties of its individual stars (such as the distribution of rotation speeds). Recent observations (Corsaro et al. 2017) suggest that this is indeed plausible. However, this remains purely speculative at the moment. This is a completely unexplored direction for the onset of MPs, and further tests need to be carried out to confirm or refute such interpretations.
A major implication of our discovery of MPs in a young (2 Gyr) cluster, is that it lends support to the view that the ancient GCs and young massive clusters (YMCs) share a common formation process, as MPs have now been found in both classes of clusters. While globular and young massive clusters overlap in many of their properties, such as mass, size and stellar density, many models for the formation of GCs have adopted special conditions only present in the early Universe (Trenti, Padoan & Jimenez 2015) . One line of support for such a distinction between the ancient globulars and YMCs was that only globular clusters were thought to host MPs. The results presented here show that the formation of MPs continued at least down to a redshift of z = 0.17, well past the peak epoch of GC formation in the Universe (z = 2 − 5, Brodie & Strader 2006) . Instead, our results support models that explain GC and YMC formation/evolution within a common framework (Kruijssen 2015) .
